Objective To investigate the risk of death from cardiovascular disease between patients who were and were not prescribed antihypertensive medication following stroke or TIA.
The risk of cardiovascular disease (CVD) can be reduced by up to 31% and all-cause mortality by 13% with the use of antihypertensive medications. 1, 2 The recommendation by the American Heart Association (AHA) in 2011 that antihypertensive medications should be provided to all patients "beyond the first 24 hours" of stroke or TIA unless contraindicated 3 was based on the results of the Perindopril Protection Against Recurrent Stroke Study (PROGRESS) clinical trial. 4 In this trial, antihypertensive medications were beneficial for those with high and normal blood pressure. 4 More recent evidence [5] [6] [7] has raised doubt on the benefit of blood pressure lowering too early following ischemic stroke, but not for other stroke types. [8] [9] [10] Consequently, the 2014 AHA guidelines were more conservative, with recommendations that antihypertensive therapy should be initiated or resumed after "the first several days" of the stroke. 11 Although most patients are discharged from acute care several days after stroke onset, there is now uncertainty among clinicians as to whether or not patients should be prescribed these medications prior to discharge from acute hospital care, 12, 13 as evidenced by recent declines in patients with all stroke types being prescribed these agents at discharge. 14 The use of data from clinical registries can provide important population-based perspectives on how antihypertensive therapies are incorporated into routine clinical discharge practices.
We aimed to examine differences in the risk of death due to CVD among patients with stroke or TIA discharged to the community or rehabilitation between those who were and were not prescribed antihypertensive medication.
Methods

Data sources
This was a large retrospective cohort study using routinely collected prospective data from the Australian Stroke Clinical Registry (AuSCR). The AuSCR is a national database designed to monitor the quality of acute care provided to patients who are hospitalized with stroke or TIA, excluding subarachnoid hemorrhage. Eligible cases were identified using a clinical diagnosis of stroke or TIA, i.e., determined by a clinician, based on diagnostic assessments rather than relying on ICD-10 primary discharge diagnosis codes, which are determined by administrative coders. This method is consistent with other national registries. 16, 17 See table e-1 (links.lww.com/WNL/ A192) for the specific definitions used. In situations where the clinical diagnosis was missing or undetermined, the ICD-10 codes were used to differentiate among infarct, intracerebral hemorrhage (ICH), or TIA (103 cases, 0.8%). Patient data were entered into the registry prospectively by clinicians, from participating hospitals, who were provided with a data dictionary and standardized training. In-built logic checks, data quality checks by registry staff, and medical record audits undertaken by external auditors were used to ensure data quality. Data on date and underlying cause of death were provided for all AuSCR registrants through annual linkages with the National Death Index (NDI), a national registry of deaths held by the Australian Institute of Health and Welfare (specificity and sensitivity >98% between AuSCR and death registry data for inhospital deaths; unpublished AuSCR data).
A nationally endorsed clinical minimum dataset, collected for each episode of care, included clinical and demographic data as well as information on clinical care performance measures. The AuSCR is one of the few national stroke registries that monitors the prescription of antihypertensive medications at discharge. 17 All registrants who are alive at discharge are considered eligible to receive antihypertensive medications because only a small proportion of patients (2%-3%) have contraindications to receiving these medications (unpublished data from the Stroke Foundation 14 ).
In the AuSCR data dictionary, antihypertensive medication is defined as Antihypertensive agents commonly include angiotensin converting enzyme inhibitors (e.g., Perindopril, Ramipril) with or without diuretic and angiotensin II receptor antagonists (e.g., Telmisartan, Losartin) with or without diuretic. Other agents include alpha blockers (e.g., Prazosin), beta blockers (e.g., Atenolol, Metoprolol), calcium channel blockers (e.g., Amlodipine, Diltiazem hydrochloride) and thiazide diuretics (refer to Monthly Index of Medical Specialties for full list).
Patients who are continuing with previously prescribed antihypertensive medications or who have been prescribed these medications for the first time during their admission are recorded as having been discharged on these medications.
Data coding and analysis
In this study we included adults (aged ≥18 years) with a first episode of stroke or TIA, registered in the AuSCR database between 2009 and 2013, who were discharged home, to residential care, or to inpatient rehabilitation. This time delay provided an allowance of up to 2 years for receiving information on the underlying cause of death for any potential deaths within 180 days of admission. We excluded those who experienced an in-hospital stroke (4% excluded). These restrictions ensured that patients who may have been Glossary AHA = American Heart Association; AuSCR = Australian Stroke Clinical Registry; CI = confidence interval; CVD = cardiovascular disease; ICD-10 = International Classification of Diseases-10; ICH = intracerebral hemorrhage; IRSAD = Index of Relative Advantage and Disadvantage; NDI = National Death Index; SHR = subhazard ratio.
transferred to end-of-life care were not included in the analyses. Patients were considered not to have been prescribed an antihypertensive medication if this indicator was coded as "no," "unknown," or where a response was missing in the database (2% of data were missing). Following these adjustments, missing data were present in 4 of the covariates used (<1% for age, sex, and stroke type and 9% for ability to walk on admission) and were excluded from the denominators. Socioeconomic position of registrants was derived using the Index of Relative Advantage and Disadvantage (IRSAD) provided by the Australian Bureau of Statistics. 18 Greater IRSAD scores indicate lesser relative disadvantage.
As our primary outcome was death due to CVD, we excluded registrants who were known to have died within 180 days of their stroke admission (i.e., had a recorded date of death) but had a missing cause of death (n = 94, 11% of deaths). This was because it was not possible to categorize them as having died of CVD for the competing risk analysis (figure 1). Sensitivity analyses were performed to examine the effect of this exclusion on our results. In the first sensitivity analysis, the deaths with an unknown cause were classified as being due to CVD, and in the second, the deaths with an unknown cause were classified as being due to a non-CVD cause.
Statistics
Mann-Whitney U tests and χ 2 tests were used to assess differences between those who were and were not prescribed antihypertensive medications at discharge. As there may be reasons, valid or otherwise, as to why some patients are not prescribed antihypertensive medication, we used propensity score matching to minimize confounding by indication. Matching on propensity scores is commonly used in nonrandomized studies to account for differences between individuals who do and do not receive a treatment based on the probability that they will receive the treatment. [19] [20] [21] A propensity score was generated for each registrant, using multivariable logistic regression, based on the probability of being prescribed antihypertensive medication at discharge (dependent variable). Eleven independent clinical and demographic variables (table 1) , shown to be associated with prescription of antihypertensive medication or death at 180 days on univariable analysis, were included in the model. Ability to walk on admission was used as a measure of stroke severity and has been shown to be a reliable predictor of death in large population samples. 22, 23 Discharge destination (categorized as home, inpatient rehabilitation, or residential care) was also included because this is decided prior to prescription of medications at discharge, is often related to severity of disability, and may therefore influence clinical decisionmaking.
After fitting the model, registrants were ranked according to their propensity score and categorized into quintiles; 5 strata are recommended to remove approximately 90% of bias resulting from certain types of patients being preferentially allocated to certain treatments. 21, 24 Data were then analyzed within strata rather than matching on the propensity score. This method was chosen as it enabled us to retain almost all of our sample, thereby maximizing the external validity of our results, an important feature of clinical registries. 24 Each stratum was assessed for balance in baseline characteristics between treated and untreated groups based on standardized differences in the mean or prevalence. 25, 26 An SD of <0.1 indicated a negligible difference between those who were and were not prescribed antihypertensive medication at discharge, i.e., optimal matching for that covariate. 19 Multivariable competing-risk regression, in which deaths due to non-CVD causes were the competing risk, was used to assess the association between prescription of antihypertensive medications at discharge and deaths due to CVD. Competing-risks regression enabled us to account for potential bias due to death from non-CVD causes. The statistical analysis was undertaken with STATA IC version 12. The assumptions for this model are as per Fine and Gray, 15 a semiparametric, subdistribution model. Postestimation tests to confirm assumptions of proportionality were undertaken. Graphically, the Schoenfeld residuals appeared to be relatively constant over time (figure e-1, links.lww.com/WNL/A191), with a significance of p = 0.0204, which was considered acceptable given our large sample size. For comparison, a Cox proportional hazard regression was also conducted for death from any cause. Models were run separately for each propensity score quintile. An overall model, using bootstrap standard errors to account for the variability in estimation, 26 was also run in which the propensity score from each individual quintile was included as a covariate in the model. The overall regression analyses were repeated excluding strata with poor balance on baseline differences based on SDs. All models were adjusted for patient clustering by hospital.
Standard protocol approvals, registrations, and patient consents Hospitals participating in the registry are required to obtain ethics approval before commencing data collection. To minimize selection bias, an opt-out method of consent is used. The annual opt-out rate for acute demographic and clinical data for the study period was <3% each year. 27 Additional ethics approval was also obtained from the Australian Institute of Health and Welfare to allow linkage with the NDI.
Results
A total of 12,198 patients from 40 hospitals were included. The proportion prescribed antihypertensive medication at discharge was 70%, with large variations between hospitals (range 44%-89%; see figure e-2, links.lww.com/WNL/ A191). Among this cohort, 45% were female, 65% had experienced an ischemic stroke, and the median age was 74 years. Most (60%) were discharged directly to home, 33% to rehabilitation, and 7% to residential care. The median length of stay was 7 days for those with an ICH, 6 days for those with ischemic stroke, and 2 days for those with TIA.
All the variables included in the calculation of our propensity score were associated either with prescription of antihypertensive medications at discharge or with death due to CVD at 180 days after their admission or both (table 1) . Older patients (aged >65 years), those treated in a stroke unit, and those with greater socioeconomic advantage were more likely to be prescribed antihypertensive medications at discharge. At 180 days following their acute hospital admission, 785 patients who survived their hospitalization had died (7%) and 521 (66%) of these deaths were due to CVD. Other common causes of death were neoplasms (15%), endocrine and metabolic disorders (6%), and respiratory disorders (4%).
Propensity scores, based on the odds of being discharged on antihypertensive medication, were able to be generated for 10,984 (90%) eligible registrants. The fit of the model used to derive the propensity score had acceptable discrimination (area under the receiver operating curve of 0.7) and calibration (Hosmer-Lemeshow test χ = 4,713, p = 0.13). The mean variance inflation factor was acceptable at 1.12 (range 1.02, 1.28). The distribution of the propensity scores for the full sample and the sample excluding quintile 1 is displayed in figure e-3 (links.lww.com/WNL/A191). Following stratification by propensity scores, those who were and were not prescribed antihypertensive medication at discharge were well-matched within quintiles 2 and 3 (i.e., negligible difference, SD < 0.1) for all covariates used to estimate the propensity score. There were small differences in the SD for some covariates (SD 0.1-0.16) for the other strata, with the greatest heterogeneity being observed in quintile 1 (imbalance in 4 of the 11 variables included in the propensity score development) (table e-2, links.lww.com/WNL/A192).
For the strata in which all covariates were balanced, there was a 36%-37% reduction in the subhazard of death due to CVD at 180 days following stroke admission ( figure 2) . In the overall model, excluding quintile 1, there was a 23% reduction in the subhazard of death due to CVD associated with the prescription of antihypertensive medication (SHR 0.77, 95% CI 0.61-0.97). Similar results were found for the outcome of all-cause death, where covariates were balanced between groups (table 2; figures 2 and 3) . In a sensitivity analysis, analogous results were found when we ran our analyses including patients with a documented date but missing cause of death (n = 94, 11%) re-classified as having (1) a CVD or (2) a non-CVD cause of death (table e-3, links. lww.com/WNL/A192).
Discussion
The major finding from this large observational study is that prescription of antihypertensive medications at discharge from acute care following stroke or TIA was associated with improved survival at 180 days after admission. This finding was robust and clinically relevant irrespective of the outcome assessed (death due to CVD or all-cause deaths). The difference in outcomes between those prescribed and not prescribed antihypertensive medications was greatest for propensity score quintiles in which there was balance between the groups in covariates used to develop the score (i.e., the strata with the least chance that the effect of prescription of antihypertensive medication would be confounded).
The context of our findings is different from those from clinical trials in this area. We specifically investigated whether patients were prescribed a blood pressure-lowering medication at discharge. Patients in our observational study did not necessarily commence or restart blood pressure-lowering therapy in the first few days following stroke. In clinical trials, such as the Scandinavian Candesartan Acute Stroke Trial, 5 where outcomes were poorer in people on blood pressurelowering therapy than those who were not, all patients commenced therapy during hospitalization and sometimes on the same day as the stroke.
Findings from our study are critical to understanding the benefits of clinician prescription of antihypertensive medications as part of discharge planning in acute stroke care. Prescribing these medications in the acute hospital setting has been shown to be associated with long-term adherence to medications, 28 improved long-term control of blood pressure, 29 and continued prescription. 30 It may be that medications prescribed within this setting are perceived as being more important by the patient, leading to better adherence. Furthermore, once the patient is in the community, patients may not be prescribed antihypertensive medications due to lapses in continuity of care. Up to a quarter of patients do not have an appointment with a doctor within 3 months of their stroke. 31, 32 We did not achieve balance in clinical and demographic characteristics within all propensity score quintiles. These differences are caused by patients in the dataset with outlying characteristics. Patients in the propensity score strata with the greatest imbalance of covariates (quintile 1) had the greatest proportion of patients aged <65 years. This group is likely to have better survival outcomes compared to their older counterparts, regardless of their management. This may have influenced the outcomes observed in quintile 1 (table e-2, links.lww.com/WNL/A192).
Not having a measure of blood pressure in the dataset is a limitation and means that patients who were not provided antihypertensive therapy due to contraindications such as low blood pressure were included in these analyses. Another common reason for not prescribing antihypertensive medication is the associated greater risk of falls in the elderly. 33, 34 There is also recent evidence from community-based studies or post hoc analyses of clinical trial data that low blood pressure is associated with poor outcomes in survivors of stroke. 35−37 The inability to account for these contraindications would underestimate the risk differences between patients prescribed and not prescribed antihypertensive medications. However, only about 3% of patients with stroke have a contraindication to antihypertensive therapy.
We additionally adjusted for potential sources of unmeasured confounding through stratification by propensity score and Table 2 Effect of prescription of antihypertensive medication at discharge on death due to cardiovascular disease (CVD) at 180 days after hospital admission by quintiles based on propensity scores and overall e750 Neurology | Volume 90, Number 9 | February 27, 2018 Neurology.org/N exclusion of those in the poorly matched stratum. Exclusion of the poorly matched stratum increased the internal validity of our findings at the expense of external validity (generalizability). As is common with registry datasets, our analyses were limited to variables routinely collected in the registry. This limited the scope of our analyses and our ability to account for all possible confounding factors, such as comorbidities, in our analyses. It is unlikely that this would greatly affect our findings. In yet to be published work by the authors, the addition of a comorbidity index derived from patient-level administrative data and merged with the AuSCR data increased the predictive ability of the registry only model for survival by <1%.
Another limitation was missing cause of death for a small number of patients. However, including these missing data in sensitivity analyses resulted in no change in the primary interpretation of our results. We also do not know whether patients utilized the medications they were prescribed at discharge from hospital or whether some patients were prescribed medications after discharge. However, these scenarios would have biased our results towards the null and led to a possible underestimation of our effect sizes. In future work, the AuSCR data will be linked to the Australian Pharmaceutical Benefits Schedule database to provide more robust data with regards to adherence and persistence with these medications. Patients with mild stroke or TIA who were not admitted to hospital and managed entirely in ambulatory services would not have been captured in our study. Thus, our results pertain to patients admitted to hospital. Finally, the number of outcomes in the cohort was not large enough to permit subgroup analyses such as stratification by age groups or type of stroke.
There remains uncertainty regarding the optimal timing to prescribe antihypertensive medications after a stroke. Due to the indisputable benefit of lowering blood pressure, ethical approval to conduct clinical trials to unequivocally answer this question is challenging. Using appropriate statistical techniques and a real-world sample of patients with stroke and TIA, we provide evidence that can be used to support the provision of antihypertensive medications at discharge from hospital after stroke, as is common practice in Australia and other countries. 
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